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An increasing demand for integrated vascular
residency training far outweighs the limited supply
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Andres Schanzer, MD, Jeff Nahmias, MD, Kathleen Korenda, NP, MBA, Mohammad Eslami, MD,
Elias Arous, MD, and Louis Messina, MD, Worcester, Mass
Objective: The integrated vascular surgery residency training paradigm (“0  5”) was first approved by the Accreditation
Council for Graduate Medical Education (ACGME) in 2006, with the first residents beginning in 2007. We sought to
evaluate the demand for these new positions and to better understand applicant pool demographics.
Method: The Association of American Medical Colleges (AAMC) was petitioned for data on applicants to traditional
vascular surgery fellowship and integrated vascular residency training programs (years 2006-2009). In addition, 111
applications received at a single academic institution for the year 2009 were reviewed in depth.
Result: The number of traditional vascular fellowship applicants and the corresponding number of positions remained
stable. In contrast, the number of integrated vascular resident applicants increased dramatically, with 152 applicants
seeking to match into 19 available positions in 2009. For the year 2009, 88% of integrated vascular residency applicants
did not match, while 16% of traditional fellowship positions went unfilled. The most notable difference between
integrated residency and traditional fellowship applicants is the number of foreign medical graduates (68.7% vs. 26.7% in
2008, P < .001). Of the 111 integrated applicants applying for our single position (73% of entire 2009 applicant pool),
the majority of applicants were residing in the United States (88.3%) and a sizable proportion (25.2%) had completed at
least one full year of either surgical training or surgical research at an institution in the Unites States. Objective measures
of academic success included mean United States Medical Licensing Examination (USMLE) Step 1 and Step 2 scores of
89.1 and 89.5, respectively. The mean number of peer-reviewed journal publications at the time of application was 2.8.
Conclusion: The number of integrated vascular surgery residency applicants far outweighs the number of available
positions. Growing interest in more efficient and comprehensive vascular surgery training will continue to augment
demand. As educators, vascular surgeons should seize this opportunity and aggressively expand the number of available
integrated residency training positions. ( J Vasc Surg 2009;50:1513-8.)Over the last decade, surgery has become less attractive
as a career to medical students1-4 and the rates of attrition
from general surgery residency programs have increased.5,6
The increased rate of specialization by surgical residents as
manifested by 70% of general surgery residents seeking
additional fellowship training,7 the mandated reduction in
work hours, increased debt, and a desire to shorten the
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doi:10.1016/j.jvs.2009.07.061overall length of training have led to a reconsideration of
many of the longstanding fundamental principles of surgi-
cal education in the United States. A consensus is emerging
that surgical training programs need to use residents’ time
more effectively and efficiently, focusing more on the ac-
quisition of judgment and technical skills than on service-
oriented tasks.1,8
Vascular surgical training has its own unique chal-
lenges. Beginning in 1989, all applicants pursuing a Certif-
icate of Special or Added Qualifications in Vascular Surgery
were required to have completed a vascular surgery training
program accredited by the Accreditation Council for Grad-
uate Medical Education (ACGME). These applicants were
required, as a prerequisite, to have obtained American
Board of Surgery (ABS) certification in General Surgery.
This training structure, known as the traditional vascular
surgery fellowship (5  1 program; five years of general
surgery followed by one year of vascular surgery), man-
dated a minimum of six years of training after medical
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option available to those interested in pursuing board cer-
tification in vascular surgery. A slight modification in this
training structure came in 2004, when an additional second
year of clinical vascular surgery training was mandated by
the Residency Review Committee (RRC). This formal re-
quirement, which had already been embraced voluntarily at
many programs in order to meet the new training require-
ments necessitated by the adoption of catheter-based ther-
apies (Fig 1), increased the minimum postgraduate training
time for a vascular surgeon to seven years (5  2).9 This
requirement established vascular surgery as one of the
longest-length training programs of any specialty in surgery
or medicine and, in doing so, did not address any of the
many challenges currently facing surgery training pro-
grams.
The approval of a vascular surgery primary certificate by
the ACGME in July of 2006 was a watershed moment in
the evolution of training in vascular surgery. This primary
certificate eliminated the prerequisite to complete a general
surgery residency in order to train in vascular surgery.10
This radical change in vascular surgery training require-
ments has allowed vascular surgery educators to respond to
the challenges related to the duration of training, as well as
to an increasingly complex vascular surgery curriculum that
must now include open surgery, endovascular therapy,
noninvasive vascular laboratory skills, and the principles of
Fig 1. Bar graph demonstrating the number of accredited tradi-
tional vascular surgery training programs with one and two clinical
years from 2001-2007.
Table I. Vascular surgery training pathways approved by
the Accreditation Council for Graduate Medical Education
Pathway
Duration, yrs
(GS  VS)
Board
certification
Number of
institutions
Traditional 7 (5  2) GS and VS 1 or 2
Early specialization 6 (4  2) GS and VS 1
Independent 6 (3  3) VS 1
Integrated 5 (0  5) VS 1
GS, General surgery; VS, vascular surgery.vascular medicine.11-13 Within just one year from the ap-proval of the primary vascular certificate, the ACGME
approved three new training pathways with the goal of
increasing both effectiveness and efficiency (Table I). These
included the “Early Specialization Program” (4  2), the
“Independent Program” (3  3), and the “Integrated
Program” (0  5).14
As of 2009, the most radical departure from the tradi-
tional training paradigm, the integrated program (0  5),
has emerged as the new training paradigm of choice. The
integrated residency in vascular surgery greatly increases
the time spent learning vascular surgery and allows much
greater freedom in developing a curriculum that is specific
to the needs of the vascular surgery resident, all accom-
plished in a shorter period of training than any of the other
pathways. The purpose of the present study is to evaluate
how medical students have responded to the availability of
a vascular surgery integrated residency program that allows
for full training and board eligibility in five years. To
accomplish this, we quantified the demand for these new
integrated vascular surgery residency positions and ana-
lyzed applicant pool demographics.
METHODS
The Association of American Medical Colleges (AAMC)
was petitioned for data on applicants to traditional vascular
surgery fellowship and integrated vascular surgery training
programs for the years 2006 to 2009. The variables re-
quested included demographic information such as age,
gender, race, citizenship, location of current residence, and
educational factors relating to both undergraduate and
medical training. Test scores (United States Medical Li-
censing Exam [USMLE] and Educational Commission for
Foreign Medical Graduates) were requested, however,
these were not made available secondary to privacy agree-
ments between the testing agencies and the AAMC. Data
pertaining to the number of accredited programs, number
of available positions, and number of applicants were also
obtained from the AAMC. Whenever possible, these data
were confirmed with the National Residency Matching
Program (NRMP)15 and the American Medical Associa-
tion FREIDA16 online information sites (no discrepancies
between the three data sources were found). In order for a
program to be considered accredited during a specific year,
it had to have received its accreditation prior to the NRMP
match date for that year.
All applications received at the University of Massachu-
setts Medical School Integrated Vascular Surgery Resi-
dency for the 2009 matriculation cycle were reviewed by
two independent, blinded data abstractors (AS, JN); any
discrepancy in the collected data prompted an additional
review by a third data abstractor (KK). Demographic
factors, previous training and education variables, and
USMLE Step 1 and 2 scores were evaluated.
Statistics. Baseline characteristics were compared be-
tween groups using Fischer’s exact test for categorical
variables and Student’s t test for continuous variables. All
tests were considered statistically significant at an alpha
level of 0.05 (P  .05, two-tailed). All analyses were
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The University of Massachusetts Medical School Institu-
tional Review Board reviewed the study protocol and ap-
proved an exemption from further review.
RESULTS
Between 2006 and 2009, the total number of available
traditional vascular surgery fellowship training positions has
increased only slightly from 112 in 2006 to 121 in 2009
(Table II). The demand for traditional fellowship positions
has nearly matched the supply, with an average over the
four years studied of 1.2 applicants to every one available
position (Fig 2). When looking specifically at the last three
years, there has been a decreasing trend in the number of
traditional fellowship applicants, with 152 applicants in
2007, 131 applicants in 2008, and 112 applicants in 2009.
In contrast, the number of available integrated residency
positions has increased, from zero in 2006 to 19 in 2009.
Table II. The supply and demand for traditional and
integrated vascular surgery training positions between
2006 and 2009
Traditional
fellowship
Integrated
residency
Application year 2006
Number of available positions 112 0
Number of applicants 145 0
Ratio of applicants to positions 1.29 n/a
Application year 2007
Number of available positions 119 4
Number of applicants 152 49
Ratio of applicants to positions 1.28 12.3
Application year 2008
Number of available positions 116 9
Number of applicants 131 112
Ratio of applicants to positions 1.13 12.4
Application year 2009
Number of available positions 121 19
Number of applicants 112 152
Ratio of applicants to positions 0.93 8
Fig 2. Traditional vascular surgery fellowship supply and demand
(2006-2009).The demand for integrated vascular surgery residency po-sitions has also grown quickly, with 152 applicants seeking
19 available positions in the most recent application cycle
(2009). Between 2007, when the first integrated vascular
surgery residency programs were formed, and 2009, the
average ratio of demand to supply was 9.8 applicants to
every one available position, a nearly 10-fold greater de-
mand than that for the traditional vascular surgery fellow-
ship (Fig 3).
Demographic information for all traditional fellowship
and integrated residency applicants was available for the
year 2008. Analysis of these data (Table III) revealed that
applicants to both traditional fellowship and integrated
residency training programs had similar mean ages (32.1 vs.
30.1, P  .82) and gender proportion (females, 18.3% vs.
16.1%, P  .77). There was a significantly greater propor-
tion of non-white applicants for the integrated residency
programs (58.0% vs. 40.5%, P  .007). The most notable
difference between the two applicant pools was the rela-
tively small proportion of US medical school graduates
applying for integrated residency positions. The proportion
of US medical school graduates applying for an integrated
residency position was significantly smaller than the pro-
portion applying for a traditional position (31.3% vs.
73.3%, P  .0001). Similarly, the proportion of applicants
with United States citizenship was significantly smaller
Fig 3. Integrated vascular surgery residency supply and demand
(2006-2009).
Table III. Comparison of the traditional and integrated
applicant pools for the year 2008
Traditional
fellowship
n (%)
Integrated
residency
n (%) P value
Number of applicants 131 112
Age (mean) 32.1 years 30.1 years .82
Female 24 (18.3) 18 (16.1) .77
White race 78 (59.5) 47 (42.0) .007
US medical school graduate 96 (73.3) 35 (31.3) .0001
US citizen 116 (88.6) 65 (58.0) .0001
Residing in US 127 (97.0) 92 (82.4) .0001among the integrated residency applicants than among
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P  .0001). However, 82.4% of the integrated residency
applicants were residing in the United States during the
year in which their application was received.
The University of Massachusetts Division of Vascular
and Endovascular Surgery received 111 applications (73%
of the entire applicant pool, n  152) for the one position
Table IV. Characteristics of the integrated resident
applicant pool that applied to the University of
Massachusetts Medical School Integrated Residency for
the year 2009
Number (%)
Number of applicants (n) 111
Number of available positions (n) 1
Age (mean) 30.4 years
Male (%) 88 (79.3)
White race (%) 37 (33.3)
Born in US (%) 27 (23.9)
US Citizenship (%) 44 (39.6)
Reside in US (%) 98 (88.3)
Completed medical school (%) 76 (68.5)
US Undergraduate degree (%) 44 (39.6)
US medical school (%) 35 (31/5)
Foreign medical school (%) 76 (68.5)
USMLE Step 1 score (mean) 89.1
USMLE Step 2 score (mean) 89.5
Number of publications (mean) 2.8
Secondary degree* (%) 18 (16.2)
 One year in US for research or surgery 28 (25.2)
Worked as MD abroad (%) 32 (28.4)
*PhD, MPH, RN, MBA, PharmD.
Table V. Characteristics of foreign medical school
graduates and US medical school graduates who applied to
the University of Massachusetts Medical School integrated
vascular surgery residency during the year 2009
Foreign medical
graduates
n (%)
US medical
graduates
n (%) P value
Number of applicants (n) 76 35
Age (mean) 31.9 years 29.2 years .01
Male (%) 67 (88.2) 21 (60.0) .002
White race (%) 25 (32.9) 12 (34.2) .89
Born in US (%) 7 (9.2) 19 (55.9) .0001
US citizenship (%) 10 (13.2) 34 (97.1) .0001
Reside in US (%) 63 (82.9) 35 (100) .01
Completed medical
school (%) 66 (86.8) 10 (28.6) .0001
US undergraduate degree 10 (13.2) 34 (97.1) .0001
USMLE Step 1 score
(mean) 89.3 88.8 .74
USMLE Step 2 score
(mean) 89.5 89.6 .96
Number of publications
(mean) 3.1 2.2 .55
Secondary degree* (%) 0.1 1.8 .0001
Worked as MD abroad 29 (38.7) 2 (5.9) .0001
*PhD, MPH, RN, MBA, PharmD.available during the 2009 application cycle (Table IV). Themajority of applicants were born outside the United States
(76.1%) and had received either their undergraduate
(60.4%) or their medical school (68.5%) educations outside
of the United States (59.5% of applicants received both
outside of the United States). At the time of application,
the majority of applicants were residing in the United States
(88.3%) and a sizable proportion (25.2%) had completed at
least one full year of either surgical training or surgical
research at an institution in the Unites States. Objective
measures of academic success included mean USMLE Step
1 and Step 2 scores of 89.1 and 89.5, respectively. The
mean number of peer-reviewed journal publications at the
time of application was 2.8.
The University of Massachusetts applicant cohort was
then stratified according to whether or not applicants had
attended medical school in the United States (Table V).
Salient findings include the absence of statistically signifi-
cant differences between foreign and US medical graduates
in: 1) USMLE Step 1 scores, 2) USMLE Step 2 scores, and
3) number of peer-reviewed publications. Moreover, for-
eign medical graduates had more frequently completed
medical school than had US medical graduates by the time
of application. Interestingly, of the US medical graduates,
40% of the applicants were female.
DISCUSSION
Contrary to a widely expressed concern that the limited
exposure of medical students to vascular surgery would
result in a small applicant pool for the integrated vascular
surgery residency program,12,17,18 the demand for this new
training pathway, in its first three years, has exceeded that of
the traditional vascular surgery fellowship by nearly 10-
fold. Indeed, the academic quality of the applicants to the
integrated vascular surgery residency compares favorably
with those of any training program in surgery. The mean
USLME Step 1 and Step 2 scores of applicants to the
integrated residency were 89.1 and 89.5 respectively; of
note, there was no statistically significant difference in
scores between foreign medical graduates and US medical
school graduates. In addition, the commitment of inte-
grated residency applicants to high academic achievement
was evidenced by the high proportion of applicants with
previous research experience, yielding a mean of 2.8 peer-
reviewed publications per applicant.
This study demonstrates a high level of interest on the
part of medical students in a residency pathway that allows
them to complete their vascular surgery specialty training
and to become board-eligible in just five years. These
findings clarify current demand for integrated vascular res-
idency positions, and provide reassurance that an inade-
quate vascular surgery integrated resident applicant pool is
unlikely. It is also clear that a significant proportion of this
demand is coming from applicants outside of the US. This
finding should strengthen the conviction that vascular sur-
geons in the US need to strive towards increasing medical
student exposure to vascular surgery and improving the
overall quality of these early experiences.17
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surgery residency do not differ from those of the general
surgery residency, the specific curriculum needs have di-
verged significantly from those of general surgery. At this
time, extensive training in laparoscopy, gastrointestinal sur-
gery and endoscopy, or endocrine surgery is no longer
imperative for the optimal training of the vascular surgeon.
Rather, the optimal training of the vascular surgeon now
requires comprehensive training in multiple diagnostic mo-
dalities, including non-invasive vascular testing, computed
tomography, magnetic resonance imaging, and catheter
angiography, as well as an increased fund of knowledge
relating to cardiovascular medicine. Training in specialties
closely allied with vascular surgery, cardiology and cardio-
thoracic surgery, as well as anesthesia and surgical critical
care, is now mandatory if vascular surgeons are to retain the
ability to provide comprehensive inpatient and outpatient
care of their patients. Recognizing these diverse needs, the
integrated vascular surgery residency curriculum is inten-
tionally flexible allowing vascular surgery educators to de-
sign a specific program that can take advantage of local
resources available at a given institution.
An important question that can not be answered by this
study design is whether the extremely positive response to
the integrated vascular surgery residency “0  5” has
implications for other surgical specialties. What could not
be measured objectively nor communicated in a quantita-
tive manner was the passion and commitment evident in
the applicants for the Integrated Residency Program at the
University of Massachusetts Medical School. The appli-
cants were cognizant of the paradigm shift and the impli-
cations that accompanied it; they embraced the challenges
and potential pitfalls of entering a new residency training
program. The long duration and perceived inefficiency of
the traditional vascular surgery training pathway appeared
to have weighed heavily in applicants’ decisions to pursue
the 0  5 program.
If this new vascular surgery integrated residency proves
to be successful in meeting the needs of its residents,
re-evaluation of other seven year training programs may be
appropriate. This seems especially poignant considering
that over 70% of general surgery residency graduates are
now completing one to two years of fellowship training in
order to practice within what has long been considered the
scope of general surgery: trauma, breast, colorectal, laparo-
scopic, and acute care surgery.1,7
Such a reduction in the time required to complete
residency training may also aid in addressing the need for
residents to begin repaying ever-growing educational debts
(The mean student debt after medical school surpassed
$100,000 in 2003).1 Furthermore, as the United States
population continues to expand, available Medicare fund-
ing for resident training is unlikely to expand commensu-
rate with the need to train more surgeons.17 Thus, shorter,
more focused residency training programs may also help to
facilitate the training of a larger number of residents.
There are significant limitations of this study. This
study makes use of the only available data on integratedvascular residency applications and, because the integrated
residency has only been in place for three years, we are only
able to provide data on this short time period. Additional
follow up data will be necessary to inform estimates of
impact on the competence of graduating integrated vascu-
lar surgery residents. Furtheremore, the data that could be
obtained from the AAMC upon which the results are based
were themselves quite limited. Nonetheless, the rapid in-
crease in the number of high quality and highly motivated
applicants is clear. This enthusiasm suggests that the recent
decision by the American Board of Surgery to grant a
primary certificate in vascular surgery may prove to be a
watershed moment in the history of surgical training in the
United States.
It is our feeling that rather than being overly concerned
about potential pitfalls such as the possibility of increased
attrition rates6 or decreased exposure to general surgery,
vascular educators should respond constructively and ener-
getically to the challenge created by this high level of
interest by medical students here and abroad. Perhaps
greatest among these challenges, is how to avoid training
the “super-specialist” - a surgeon who works within a
continually narrowing scope of practice, as has occurred
within some surgical specialties.7 Such a narrow scope of
practice is at variance with perhaps the single most impor-
tant attribute of the tradition in general surgery training -
the capacity and the desire of surgeons to provide compre-
hensive care to all of their patients, including patients with
the most complex illnesses. It is our perspective that the
evolution in the scope of training and practice of vascular
surgeons today enables a surgeon to meet virtually all of the
needs of their patients, including clinical diagnosis, diag-
nostic testing, the full spectrum of treatment options, and
the long-term follow-up of their patients. Thus, rather than
a retreat from one of the most important and most valued
attributes of general surgery training, the integrated vascu-
lar surgery residency has the opportunity to build and
extend upon this tradition.
We gratefully acknowledge Mona Signer, Gwen Garri-
son, and Walter Fitz-William at the AAMC who provided
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Dr Omaida Velazquez (Miami, Fla). My question has to do
specifically with the new programs. At the University of Miami, I’m
charged with the challenge of establishing a new vascular surgery
training program. I’ve noticed there are some specific issues that
come up in terms of the integrated program. It is five years of
funding as opposed to two years of funding. And it’s a five-year
curriculum that falls completely under the responsibility of the
vascular program as opposed to the general surgery training pro-
gram, including the general surgery case experience. So, there are
intrinsic issues regarding funding and relationships and political
interactions with the hospital and the general surgery program. For
the integrated paradigm, one is essentially competing with the
general surgery residency program. I’m interested in your com-
ments as to how one can or should address those specific issues that
come up in regards to the new integrated vascular residency
programs.
Dr Schanzer. As I understand your question, it alludes to the
challenges associated with starting a program like this at a new
institution. I think you raise a lot of very appropriate concerns. As
you indicated, buy-in from your general surgery department is
absolutely imperative because the success of these programs is
contingent upon that buy-in. No matter how strong the relation-
ship, there will be some push-and-pull between the integrated
residency and the general surgery residency. But I think if you can
clearly articulate your programmatic goals, this tension can be
successfully navigated. Fortunately, the integrated vascular surgery
residency curriculum is tremendously flexible, so there are plenty
of areas where compromise can still lead to success. You will need
to be diligent in order to insure that you can get the right rotations
for your new residency as opposed to just any rotations.
With regards to funding, that’s something I think everyone is
going to have to deal with on an individual hospital level. Again, a
clearly stated strategic plan can help when it comes to obtaining the
necessary sign-off on funding.
And finally, you alluded to the curriculum requirements. As
stated, the flexibility is great because it allows you to capitalize on
the advantages and relationships you already have at your institu-
tion. Also, there are a lot of people that happen to be in this room
that have spent two or three years thinking about and establishing
excellent curriculums at their institutions; they can serve as excel-
lent resources for you. In our experience instituting our 0  5Mr. Devin Zarkowsky (Albany, NY). I’ve been interested in
vascular since my first year of medical school, but wasn’t sold until
I stood shoulder to shoulder in the OR with the surgeons at
Albany. In response to a previous comment, it’s not just having a
sub-internship, it’s letting us students participate that sells vascular
surgery.
My question is a personal concern about being comfortable
operating during a 0 5 program. In observing residents in other
specialties that have five-year programs, I see that they are compe-
tent; by comparison, when the fellows at Albany operate, they’re
comfortable – especially with open surgery. Is there a mechanism
ensuring a 0 5 candidate graduates feels not just competent, but
comfortable?
Dr Schanzer. That is a difficult question to answer. What I can
tell you is that general surgery training has changed. I think that
the comfort level that a five-year general surgery resident finishes
with is entirely different than what it was just a mere five years ago.
So what I would submit to you – and this is not based
on rigorous data but rather, on the contrary, this is a value
judgment – in five years, with complete control of the curriculum, I
think that we can do a better job training the vascular surgeon of
the future than we can do with only two years after a five-year
general surgery program in the current era. That might be a
provocative statement, but I think that more and more people are
starting to agree with this sentiment. So I think you can rest
assured that if you go to a good program, you will receive excellent
training.
Dr Shadi Abu-Halimah (Charleston,WV). Why do you think
there are 9.8 applicants in the 5 0 compared with 1.2 applicants
for the 5 2 programs? Almost all of the 1.2 applicants for vascular
fellowship in the 5  2 programs will complete the training, even
with its long hours work. How much do you think out of the 9.8
applicants in the 5  0 will finish the five-year programs and not
drop off?
Dr Schanzer. I think that there has been a tremendous
upsurge in the interest in shorter and more effective training
programs. As far as how many of them will finish their programs
relative to those entering a traditional fellowship program, time
will tell. We need to be thoughtful about who we choose for these
programs. Early differentiation training tracks have certainly been
successful in other training pathways so I don’t see why vascular
surgery should be unique in that way.
